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^ ' Abstract 

In this article, we take the point of view that the bottomed (0 + , 1 + ) mesons 
B s q and B s \ are the conventional bs meson, and calculate the strong cou- 
pL( | pling constants gB a0 BK and gB 3l B*K with the light-cone QCD sum rules. The 

£ — , ■ numerical values of strong coupling constants gB 3l B*K and gB s0 BK are very 

large, and support the hadronic dressing mechanism. Just like the scalar 
mesons /o(980), a (980), D s0 and axial-vector meson the (0 + ,l + ) bot- 
■ tomed mesons B s q and B s \ may have small 6s kernels of the typical bs meson 

size, the strong couplings to the hadronic channels (or the virtual mesons 
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loops) may result in smaller masses than the conventional bs mesons in the 
potential quark models, and enrich the pure bs states with other components. 

^ ; PACS numbers: 12.38.Lg; 13.25.Hw; 14.40.Nd 

>• ' Key Words: Bottomed mesons, light-cone QCD sum rules 

1 Introduction 

Recently, the CDF Collaboration reports the first observation of two narrow reso- 
nances consistent with the orbitally excited P-wave B s mesons using 1 fb -1 of pp 
collisions at a/s = 1.96TeV collected with the CDF II detector at the Fermilab 
Tevatron pp. The masses of the two states are M(B s i) = (5829.4 ± 0.7)MeV and 
M(B* s2 ) = (5839.7 ±0.7)MeV, and they can be assigned as the J p = (l + ,2+) states 
in the heavy quark effective theory [2]. The DO Collaboration reports the direct 
observation of the excited P-wave state B* 2 in fully reconstructed decays to B + K~ , 
the mass of the B* 2 meson is measured to be (5839.6 ± 1.1 ±0.7)MeV [3]. While the 
B s states with spin-parity J p = (0 + , 1 + ) are still lack experimental evidence. 

The masses of the B s mesons with (0 + , 1 + ) have been estimated with the po- 
tential quark models, heavy quark effective theory and lattice QCD [H El El U\ M El 
flOl [TT1 [T2l [131 [TH [15l [IB] , the values are different from each other. In our previous 
work [T7], we study the masses of the bottomed (0 + , 1 + ) mesons with the QCD sum 
rules, and observe that the central values are below the corresponding BK and B*K 
thresholds respectively. The strong decays B s q —* BK and B s \ — > B*K are kine- 
matically forbidden, the P-wave heavy mesons B s q and B s \ can decay through the 
isospin violation precesses B s0 — > B s rj — > B S 7T° and B s i — > B*r] — > B*tt°, respectively 
[18j. The j] and tt° transition matrix is very small according to Dashen's theorem 
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[19],^ = (n°\Ti\ri) = — 0.003GeV, they maybe very narrow. The bottomed mesons 
B s0 and B s i may have interesting feature, just like their charmed cousins D sQ and 
D s i, have small bs kernels of the typical bs mesons size, strong couplings to the vir- 
tual intermediate hadronic states (or the virtual mesons loops) may result in smaller 
masses than the conventional bs mesons in the potential quark models, enrich the 
pure bs states with other components [121 1201 1211 1221 1251 123] . 

In previous works, the mesons / (980), a (980), D s0 and D sl are taken as the 
conventional qq and cs states respectively, and the values of the strong coupling 
constants gf KK, g ao KK, 9d s0 dk and gr> aX D*K are calculated with the light-cone QCD 
sum rules [22], [231 I2H (25J [26]. The large values of the strong coupling constants 
support the hadronic dressing mechanism. 

In this article, we take the bottomed mesons B s0 and B s i as the conventional bs 
states, and calculate the values of the strong coupling constants gB a0 BK and Qb s \B*k 
with the light-cone QCD sum rules, and study the possibility of the hadronic dressing 
mechanism in the bottomed channels. 

The light-cone QCD sum rules approach carries out the operator product ex- 
pansion near the light-cone x 2 m instead of the short distance x m while the 
non-perturbative matrix elements are parameterized by the light-cone distribution 
amplitudes (which classified according to their twists) instead of the vacuum con- 
densates [271 [23 [291 EH EU E2] ■ The non-perturbative parameters in the light-cone 
distribution amplitudes are calculated by the conventional QCD sum rules and the 
values are universal [331 Ell ESI [36] . 

The article is arranged as: in Section 2, we derive the strong coupling constants 
gB a0 BK and gs sl B*K with the light-cone QCD sum rules; in Section 3, the numerical 
result and discussion; and in Section 4, conclusion. 

2 Strong coupling constants Qb s \B*k an d Qb s qBK with 
light-cone QCD sum rules 

In the following, we write down the definition for the strong coupling constants 
gB a0 BK and gB al B*K, 

(B sl \B*K) = -ig Bsl B*i<r]* ■ e = -iM A g Bsl B*i<V* • e > 
(B s0 \BK) = g Bs0 BK = M s g Bs0 BK , (1) 

where the e a and r] a are the polarization vectors of the mesons B* and B s \ respec- 
tively. The masses Ms and Ma can serve as an energy scale, we factorize the masses 
from the corresponding strong coupling constants gB a0 BK and gs al B*K respectively. 
We study the strong coupling constants with the two-point correlation functions 
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n^(p, q) and U^(p,q) respectively, 

n^(p,«) = iJ*xe^(0\T{jZ(p)J? + (x)}\K(p)), (2) 

n>,g) = i J d 4 xe-^(Q\T{Jl($)J s+ {x)}\K{p)), (3) 

Jj(cc) = m(x)7 m 6(x) , 

■^fO) = s(x)7 M 7 5 6(a;) , 

J K X ) = u( x h^l5b(x), 

J s (x) = s(x)b(x), (4) 

where the currents J^{x), J^(x), J^{x) and J s (x) interpolate the bottomed mesons 
B*, B s i, B and B s o, respectively, the external K meson has four momentum p^ with 
p 2 = m 2 K . The correlation functions U^lp, q) and Yl^(p,q) can be decomposed as 

n^feg) = iU A (p 1 q)g liU + U A i(p,q)(p fi q v + P^) H , 

n M 0,g) = 2n 5 (p,g)g M + n 51 (p,g)p M + --- (5) 

due to the Lorentz invariance. 

According to the basic assumption of current-hadron duality in the QCD sum 
rules approach [33J [Ml ESS EE] , we can insert a complete series of intermediate states 
with the same quantum numbers as the current operators J^(x), Jf}(x), J^(x) and 
J s (x) into the correlation functions U^ u (p, q) and U^(p,q) to obtain the hadronic 
representation. After isolating the ground state contributions from the pole terms 
of the mesons B*, B s i, B and B s0 , we get the following results, 

(01^(0) | B*(q + p))(B*\B sl K)(B sl (g)\J^(0)\0) 
[M 2 B ,-(q + p) 2 ][M 2 A -q 2 ] 
Wb s1 b*k Ib * f a Mb * M A 

\Qp.v + • • ■ , (6) 
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[M 2 ,-(q + p) 2 ] \M\-q 
(0\Jj(0) | B(q + p))(B\B eO K)(B a0 {q)\J s +{0)\0) 
" " [M B -(q + p) 2 ][M 2 -q 2 ] 



igB 30 BKfBfsMs 



-(p + ?V + "-. (7) 



[ M |-(g + p)2] [M|-g2] 
where the following definitions for the weak decay constants have been used, 



(0|Jjf(0)|B*(p)> = / fl *M B *e 



(0|J^(0)|B 8l (p)) = /aM^ 



J*(0)|fl(p)) = t/ fl p„ 



<0|J s (0)|£ s0 (p)> = f S M s . (8) 
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In the following, we briefly outline the operator product expansion for the corre- 
lation functions II^ (p, q) and q) in perturbative QCD theory. The calculations 
are performed at the large space-like momentum regions (q + p) 2 <C and q 2 -C 0, 
which correspond to the small light-cone distance x 2 ~ required by the validity 
of the operator product expansion approach. We write down the propagator of a 
massive quark in the external gluon field in the Fock-Schwinger gauge firstly 



(OlTfcftOirO^xattlO) 



ik(x\ —xi) 




2 {k 2 — m 2 ) 2 ^ k 2 — m 2 



dvg s Gy(vxi + (l — v)x 2 ) 
v(xt - X 2 )^u 



(9) 



Substituting the above b quark propagator and the corresponding K meson light- 
cone distribution amplitudes into the correlation functions U^p, q) and II^(p, q), 
and completing the integrals over the variables x and k, finally we obtain the ana- 
lytical results, which are given explicitly in the appendix. 

In calculation, the two-particle and three-particle K meson light-cone distribu- 
tion amplitudes have been used [3HI ESI EH HI], the explicit expressions are given 
in the appendix. The parameters in the light-cone distribution amplitudes are scale 
dependent and are estimated with the QCD sum rules [381 EH HOI E] . I n this article, 
the energy scale p, is chosen to be p, = lGeV, to be more precise, one can choose 
2.4GeV. 
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After straightforward calculations, we obtain the final expressions of the double 
Borel transformed correlation functions Ha(M 2 ,M 2 ) and Xls{M 2 , Mf) at the level 
of quark-gluon degrees of freedom. The masses of the bottomed mesons are Ma = 
5.72GeV, M s = 5.70GeV, M B * = 5.33GeV and M B = 5.28GeV, 



M\ 



M 2 A + M|* 



Ml 



+ M 2 



0.54 



(10) 



there exists an overlapping working window for the two Borel parameters M\ and 
Mf , it's convenient to take the value M 2 = Mf . We introduce the threshold param- 
eter sq and make the simple replacement, 



m i+"o( i ~"o) m j- 



m 6+"0( 1 ~"o) m y _ sq 

Ivr 2 — p m 2 



to subtract the contributions from the high resonances and continuum states [3~7] , 
finally we obtain the sum rules for the strong coupling constants Qb s §bk and Qb s1 b*K) 
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(11) 
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9b s1 b*k - 



where 



f B *f A M B *M A 
mbm 2 K M 2 



exp 



M\ + M 2 , 
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M 2 
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S A 



M 2 



fx 
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+m 2 K 
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M2 
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Uq(1 - u ) 
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(12) 



u 
M 2 



ml + u (l - uo)m 2 K , 

M 2 
M 2 + M 2 ' 

M 2 M 2 
M 2 + M 2 ' 



(13) 



The term proportional to the M ^0x(wo) i n Eq.(12) depends heavily on the asym- 
metric coefficient a x (/i) of the twist- 2 light-cone distribution amplitude ^>k{u) i n the 
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limit uq = | (see also the sum rules for the strong coupling constant go al D*K in Ref. 
[23J), if we take the value <x\{\i) = 0.06 ± 0.03 [3H1 EHl HO, H], no stable sum rules 
can be obtained, the value of the Qb s1 b*k changes significantly with the variation of 
the Borel parameter M 2 . In this article, we take the assumption that the u and s 
quarks have symmetric momentum distributions and neglect the coefficient ax(fi). 
In the heavy quark limit m b — > oo, 

s° s — > ml + 2m b uj s , 



Ml 
M 2 2 
M 2 
M s 
M A 
M B 
M b , 



m b + 2m h u) A 
2m b T l , 
2m b T 2 , 
2m b T , 
m b + Ai , 
m fe + Ai , 
m 6 + A , 
m 6 + A , 



(14) 



the two sum rules in Eqs. (11-12) are reduced to the following form, 



9b s0 bk 



9b 31 b*k 



1 M ^ A 

2f K m\T 
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"r~r exp 
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(15) 



Ao 
T 2 



exp 



' T 



2m 2 K T 



d 



_m u + m 

<ftB(t)j 



^ M + (u ) - 2T 2 —Muo) 
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im b 



Ci 



fs 



Ci 



where the decay constants take the behavior f A = -7jJ= 5 Js = TTjfp ^ b ~ v ~ 
fs* = — (according to the definition in Eq.(8)), the Ci are some constants. 



(16) 
and 



3 Numerical result and discussion 



The input parameters are taken as m s = (140 ± 10)MeV, m u = (5.6 ± 1.6)MeV, 
m b = (4.7 ± 0.1)GeV, A 3 = 1.6 ± 0.4, f 3K = (0.45 ± 0.15) x 10" 2 GeV 2 , u 3 = 
-1.2 ± 0.7, 7? 4 = 0.6 ± 0.2, = 0.2 ± 0.1, a 2 = 0.25 ± 0.15 [321 M> EH SQl E] , 
/«■ = 0.160GeV, m K = 0.498GeV, M B = 5.279GeV, M B * = 5.325GeV [42], M s = 
(5.70 ± 0.11)GeV, M4 = (5.72 ± 0.09)GeV, f s = f A = (0.24 ± 0.02)GeV [E], 
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Figure 1: The strong coupling constants (7b s1 b*x(A) and gB a0 BK{^>) with the Borel 
parameter M 2 . 



/b. =/ B = (0.17±0.02)GeV 



m, A 



iU B +3M B * 



4 = (37 ± l)GeV 2 , s° A = (38 ± l)GeV 2 



-m b = (0.6±0.1)GeV, A : 



M S +3M A _ 

4 ln b 



;i.0±0.1)GeV, 



UJ 



s — (1.6 ± 0.1)GeV and u A = (1.6 ± 0.1)GeV. The Borel parameters are chosen 
as M 2 = (5 — 7)GeV 2 , in this region, the values of the strong coupling constants 
9b s1 b*k and gB a0 BK are rather stable, which are shown in Fig.l. In the heavy quark 
limit, the Borel parameters are chosen as T = (0.7 — 1.5)GeV, in this region, the 
values of the strong coupling constants gs sl B*K and gB s0 BK are rather stable, which 
are shown in Fig. 2. 

In the limit of large Borel parameter M 2 , the strong coupling constants gB si B*K 
and gB a0 BK take up the following behaviors, 



gB s0 BK oc 

gB sl B*K OC 



M 2 p p {u ) 

Ib/s 
m b M 2 ip p (u ) 



(17) 



It is not unexpected, the contributions from the two-particle twist-3 light-cone dis- 
tribution amplitude <£> p (u) are greatly enhanced by the large Borel parameter M 2 , 
(large) uncertainties of the relevant parameters presented in above equations have 
significant impact on the numerical results. The contributions from the two-particle 
twist-2, twist-3 and twist-4 light-cone distribution amplitudes 4>k( u o), fa( u o) and 
A(uo) are zero due to symmetry property. 

Taking into account all the uncertainties of the input parameters, finally we 
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Figure 2: The strong coupling constants 9b b \B*k and Qb&bk with the Borel param- 
eter T in the heavy quark limit. 

obtain the numerical values of the strong coupling constants 

9b s1 b*k = (18.1±6.1)GeV, 
9b b0 bk = (20.0±7.4)GeV, 
9b s1 b*k = 3.2 ±1.1, 

g Bs0 BK = 3.5 ±1.3 (18) 

from Eqs. (11-12) and 

9b. iB *k = 9b m bk = (19.6±5.7)GeV (19) 

from Eqs. (15-16). The uncertainties are large, about 30%. The contributions from 
three-particle light-cone distribution amplitudes vanish in the heavy quark limit, the 
uncertainties are reduced slightly, as the dominating contributions come from the 
two-particle twist-3 light-cone distribution amplitude <p p {u). 

The large values of the strong coupling constants 9b s1 b*k and 9b s0 bk obviously 
support the hadronic dressing mechanism [13, H51 H7], the scalar meson B s0 (D s0 ) 
and axial-vector meson B s i(D s i) can be taken as having small scalar and axial- 
vector bs (cs) kernels of typical meson size with large virtual 5*-wave BK(DK) and 
B*K(D*K) cloud respectively. 

In Refs.[48, 49J, the authors analyze the unitarized two-meson scattering am- 
plitudes from the heavy-light chiral lagrangian, and observe that the scalar mesons 
D s q and B s q, and axial- vector mesons D s \ and B s \ appear as the bound state poles 
with the strong coupling constants 9d s qDK = 10.203GeV, 9d sX d*k = 10.762GeV, 
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9B al B*K(GeV) 


9B s0 BK(GeV) 


9D Bl D*K(GeV) 


9D s0 Di<(GeV) 


[221123! 






10.5 ±3.5 


9.3^ 


[48, 49J 


23.572 


23.442 


10.762 


10.203 


This work 


18.1 ±6.1 


20.0 ±7.4 






This work* 


19.6 ±5.7 


19.6 ±5.7 







Table 1: Theoretical estimations of the strong coupling constants from different 
models, where * stands for the strong coupling constants in the heavy quark limit. 

9b s1 b*k = 23.572GeV and 9b s0 bk = 23.442GeV. Our numerical results for the 
strong coupling constants are certainly reasonable and can make robust predictions. 
However, we take the point of view that the mesons D s0 , B s0 , D sl and B s i be bound 
states in the sense that they appear below the corresponding DK, BK, D*K and 
B*K thresholds respectively, their constituents may be the bare cs and bs states, 
the virtual DK, BK, D*K and B*K pairs and their mixing, rather than the DK, 
BK, D*K and B*K bound states. 

In Ref . [50] . the authors calculate the strong coupling constants gD a0 D a r] and 
9d s1 d*ti with the light-cone QCD sum rules, then take into account rj — tt° mix- 
ing and calculate their pionic decay widths. The bottomed mesons B s0 and B s i 
can decay through the same isospin violation mechanism, B s q — > B s i] — > B s tt° and 
B s i — > B*r/ — > B*n°. We study the strong coupling constants 9B a0 B a r, and gB al B*rj 
with the light-cone QCD sum rules and make predictions for the corresponding small 
decay widths [T8] . 

4 Conclusion 

In this article, we take the point of view that the bottomed mesons B s0 and B s i are 
the conventional bs mesons and calculate the strong coupling constants 9b m bk and 
9b s1 b*k with the light-cone QCD sum rules. The numerical results are compatible 
with the existing estimations, the large values support the hadronic dressing mecha- 
nism. Just like the scalar mesons /o(980), ao(980), D s q and axial- vector meson D s i, 
the bottomed mesons B s0 and B s i may have small bs kernels of typical bs meson 
size. The strong couplings to virtual intermediate hadronic states (or the virtual 
mesons loops) can result in smaller masses than the conventional + and 1 + mesons 
in the potential quark models, enrich the pure bs states with other components. 

Appendix 

The analytical expressions of the Hs(p, q) and IL4 {p, q) at the level of the quark-gluon 
degrees of freedom, 
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where 



A = m\ - (q + up) 2 , 

$ = A »+A ± -Vn-V ± . (21) 



The light-cone distribution amplitudes of the K meson are defined by 
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\u(0)^ lx g s G a/3 (vx)s(x)\K(p)) = f K rn 2 K p^-^—^^- 

p ' x 

ip-x(a s +va g ) 



-x(a 3 +va g ) 



J VaiV\\{ai)e 
+ fKm 2 K (ppg a ^ - p a gpn) 

Va t V ± (a t )e^ p - x{as+va ^ , (22) 



where the operator G a p is the dual of the G a/ 3, G a p = \^ a p^yG^ v and Dai is defined 
as Dttj = daida 2 da 3 5(l — ol\ — a 2 — 0:3). The light-cone distribution amplitudes are 
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parameterized 
<p p (u,fi) 



as 



A\\{aii,ii) 
V±(ai,fi) 



A ± (ai,fi) 
A(u,fi) 



9k(u,h) 
B(u,fi) 



= 6u(l-M){l + aiC 1 *(2u-l) + a 2 C 2 '(2M-l)} , 
= l+|30^-^ 2 }c|(2n-l) 

+ \ -3»feu* - -p 2 - -p 2 a 2 I Q (2m - 1) , 



6m(1 - u) { 1 + 



1 7 2 3 2 

360a u a s a; 2 |l + A 3 (a M - a s ) + u; 3 i(7a! 9 - 3) 

120a u a s a 3 (v 00 + v 10 (3a g - 1)) , 

120a u a s o; s aio(a; s - a u ) , 

-30a 2 {/i o(l - ot g ) + /i i - ot g ) - Qa u a s 



C|(2«-l) 
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30a 2 (a u - a s ) j/i o + h 01 a g + ^h w (5a g - 3)| 

, f 16 24 20 
6m(1 - u) < — + — a 2 + 2O773 + —r] 4 



+ 



+ 



117 10 

"15 + 16 " 27^ 3 ~ 27* 



C|(2m-1) 
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a 2 ^3^3 

210 135 ' 



CJ(2m-1) 



-a 2 + 2I774W4 



{2m 3 (10 - 15m + 6m 2 ) \ogu + 2m 3 (10 - 15fZ + 6m 2 ) log 
+mm(2 + 13ww)} , 

= 1 + g 2 cl (2m -l)+p 4 Cf (2m -1), 
= 9k(u, fi) - (p K (u, fi) , 



u 
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where 



7 Vi 

"00 — v 00 — — y ; 

21 9 

fl io = ^^4^4 - — a 2 , 
o zU 

21 

V W = -^^4^4 , 
o 

t 7 3 

«oi = - — a 2 , 

7 3 
/iio = t^ 4 ^ 4 + ^7j a2 ' 

18 20 
#2 = 1 + y a2 + 60% + y ry 4 
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#4 = -— «2-6r/ 3 w 3 , (24) 
here C 2 2 , C 4 2 and C 2 2 are Gegenbauer polynomials, r? 3 = ^ m g+ m " an( j ^2 _ (m^+m a ) 

[2ZI ESI EE E01 ESI sni SI] • 
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